The activity of the first enzyme of the shikimate pathway, 3-deoxy-Darabino-heptulosonate 7-phosphate synthase, is demonstrated in extracts of Daucus carota cells grown in suspension culture. Maximum specific enzyme activity is found midway through the logarithmic growth of the culture; cells in lag and stationary phases of growth have lower enzyme levels. The enzyme is activated by tyrosine and tryptophan. The extent of activation varies during cell growth. tryptophan (7); the sensitivity to tryptophan increases during development of the corn seedling. DAHP synthase isoenzymes have been demonstrated in Pisum sativum (22), Camellia sinensis (24), and Vigna radiata (23). Also, the specific activity of DAHP synthase changes during germination of Vigna radiata (18), Pisum sativum (22), and Zea mays (7). This paper reports the DAHP synthase activity changes in the cell cycle of Daucus carota, grown as suspension cultures in a defined medium. The paper also shows that the Daucus carota DAHP synthase is activated by tryptophan and tyrosine and that the degree of activation varies during the cell cycle.
The biosynthesis of aromatic compounds proceeds via a common route, the shikimate pathway, followed by individual pathways to primary metabolites like the aromatic amino acids, and to secondary metabolites like polyphenols. The first enzyme of the shikimate pathway is 3-deoxy-D-arabino-heptulosonate 7-phosphate (DAHP)3 synthase [7-phospho-2-keto-3-deoxy-D-arabino-heptonate D-erythrose 4-phosphate lyase (pyruvate phosphorylating) EC 4.1.2.15] (26) . The enzyme has been purified to homogeneity from Neurospora crassa (9, 20) , Bacillus subtilis (11) , Escherichia coli (17, 25) , Salmonella typhimurium (10), Schizosaccharomyces pombe (2) , and Brevibacterium flavum (27) . The enzyme has also been partially purified from many other sources; the most highly enriched plant DAHP synthase which has been reported is from Brassica oleracea (12) .
Microorganisms exhibit a variety of mechanisms to regulate the activity of this enzyme (8) . In E. coli for example, three isoenzymes are each inhibited and repressed by one of the aromatic amino acids, with feedback inhibition being the major regulatory mechanism for the shikimate pathway (21) . Among the lower eukaryotes, N. crassa contains three differentially inhibitable DAHP synthase isoenzymes (13) , while in Saccharomyces cerevisiae only two isoenzymes have been identified, one sensitive to phenylalanine and the other to tyrosine (14) . Carbon flow through the shikimate pathway of S. cerevisiae (15) (16) . Since DTT and bis-tris propane interfere with this assay, protein was precipitated prior to determination Plant Physiol. Vol. 75, 1984 with 20% TCA, and resuspended in 0.1 N NaOH containing 0.2 M Na2CO3. Figure I shows a typical growth curve for carrot cells in suspension culture. Also shown in Figure I is the specific activity of DAHP synthase as a function of time after cell transfer. The enzyme activity cannot be measured in crude cell extracts due to the presence of colored compounds that interfere with the assay. Thus, from crude cell extracts all the extractable enzyme is precipitated with (NH4)SO4, resuspended and dialyzed prior to enzyme activity determination.
RESULTS
Immediately following cell transfer to fresh medium, the specific enzyme activity is low. As the fresh weight of the culture increases, the specific enzyme activity increases to more than 4-fold the initial level. After attaining a maximum activity in the second half of logarithmic growth, DAHP synthase activity declines sharply, while the fresh weight ofthe culture is still increasing.
The DAHP synthase ofcarrot cells grown in suspension culture is activated by tyrosine and tryptophan ( Fig. 2A) . Phenylalanine has no effect on the enzyme activity. The activation by tyrosine and tryptophan is dependent upon the time after transfer of the cells. Like the enzyme activity, the activation is most pronounced during the early logarithmic phase of growth, reaches a maximum, and decreases sharply thereafter (Fig. 2B) . Thus, maximal activation precedes the maximal enzyme activity by a few days. activity of DAHP synthase, the first enzyme of the shikimate pathway. The specific enzyme activity is not constant through the cell cycle, but reaches a maximum late in the logarithmic phase of growth. This suggests that DAHP synthase activity is regulated in carrot cells.
The activity increase can be the result of de novo protein synthesis or of activating an inactive enzyme; likewise, the decrease can be due to enzyme degradation or inactivation. If a preexisting enzyme is activated or inactivated, this regulation cannot be mediated by a small metabolite, e.g. an amino acid, because enzyme activity is measured after (NH4)2SO4 precipitation and dialysis of cell extracts.
Since DAHP synthases of microorganisms are inhibited by aromatic amino acids (8), we have measured the enzyme activity of carrot cells in the presence of phenylalanine, tyrosine, and tryptophan. Phenylalanine has no effect on the enzyme activity. However, tyrosine and to a somewhat lesser degree tryptophan activate the carrot DAHP synthase. The sensitivity of DAHP synthase to these two amino acids changes during the growth of the cell culture. Activation is maximal in the early phase of logarithmic growth. The change in sensitivity can be due to enzyme modification or differential synthesis of isoenzymes.
I L REGULATION OF THE SHIKIMATE PATHWAY IN CARROT
Three DAHP synthase isoenzymes have been identified in pea cotyledons (22) and in extracts of carrot root (J. A. Suzich and K. M. Herrmann, in preparation). The three DAHP synthases from carrot root are all activated by tyrosine and tryptophan, but differential activation was not found. One of the isoenzymes, which has been purified to near electrophoretic homogeneity, is activated at all stages of purity. The amino acid concentrations required for enzyme activation are below the concentration of the free amino acids measured in cultured carrot cells (29) . To assess the physiological significance of the activation is difficult, especially because compartmentation of tryptophan may occur in cultured carrot cells. (30) .
Activation of DAHP synthase by aromatic amino acids is not found in bacteria, where secondary metabolism is much less pronounced than in higher plants. In 
